Background Data: Anterior cervical discectomy and fusion (ACDF) has been standard procedure in treatment of degenerative cervical disc disease. In order to reduce risks associated with traditional methods of anterior cervical discectomy with fusion a new zero profile cage with screws has been introduced and widely used.
INTRODUCTION
Anterior cervical discectomy and fusion (ACDF) has been considered the gold-standard technique in the treatment of degenerative cervical spondylosis. 25, 26 Previously, simple discectomy and fusion with iliac bone graft was performed and then intervertebral cages with or without an additional anterior cervical plate were widely used in ACDF procedures. Anterior cervical plate can significantly increase interbody fusion rates. 11, 29 and increase cervical stability and maintain cervical sagittal alignment. 14, 17 However, previous studies have also reported that anterior cervical plating may carry some risks like increased dysphagia rates, perforation of esophagus, plate malposition, tracheoesophageal lesions and accelerated adjacent disc degeneration. 6, 20, 33 In order to reduce these complications associated with traditional anterior cervical plate, a new zero-profile anchored cage with screws devices had been introduced and had been widely used. 8, 9, 22, 23, 31 Previous studies based on small sample sizes have reported the application of the zero-profile anchored cage with screws in single ACDF surgery with excellent clinical and radiographic outcomes. 4, 8, 18, 31, 32 However, two levels ACDF with zero-profile anchored cage with screws compared with stand-alone peek cage has been little reported in the literature.
The efficacy of two levels ACDF with zeroprofile anchored cage with screws compared with stand-alone peek cage is important to the practice of spine surgery. Spine surgeons commonly use the stand-alone cage to avoid the discomfort of the anterior plate and autologous bone graft. However, if the zero-profile anchored cage with screws shows a superior outcome over the standalone cage and a similar outcome to the anterior plate system, this technique could be a suitable alternative.
In this study we aimed at comparing the clinical and radiological outcomes of two-level ACDF using stand-alone peek cage on one hand and zero profile anchored cage with screws on the other hand.
PATIENTS AND METHODS
This is a retrospective study which included a total of 30 consecutive patients who underwent two levels ACDF using conventional stand-alone peek cage (Group A) and 30 consecutive patients who underwent two levels ACDF using zeroprofile anchored cage with screws (Group B). All cages were filled with synthetic bone graft. The study was conducted in the department of Neurosurgery, faculty of medicine, Ain Shams University, Cairo through the period extended from January 2013 to January 2018.
All patients operated for two levels ACDF during this period were included if they meet the following inclusion criteria: (1) symptomatic cervical disc compression causing either radiculopathy or myelopathy or both with failed medical treatment for at least 6 months; (2) two levels degenerative cervical spondylosis confirmed by magnetic resonance imaging (MRI); and (3) complete and continuous clinical and imaging data. Exclusion criteria constituted severe osteoporosis of the cervical spine, presence of active infections, pathologic fractures of the vertebrae, patients with spinal deformity, ankylosing spondylitis or rheumatoid arthritis, and continuous or combined ossification of the posterior longitudinal ligament (OPLL).
Surgical Technique:
All surgeries were performed via a classic right Smith-Robinson approach after induction of general anesthesia in a supine position. 2 A horizontal right-side skin incision was performed in the neck anteriorly followed by dissection of the subcutaneous tissue and cutting of the platysma. Dissection anterior to sternocleidomastoid and lateral retraction of the carotid sheath and medial retraction of the esophagus and the trachea follows, then opening of the prevertebral fascia and localization of targeted level using spinal needle under fluoroscopy was performed. Application of Cloward retractor and Casper distractor on targeted levels then the intervertebral disc and herniated nucleus pulposus were extirpated and then the posterior longitudinal ligament and along with osteophytes were resected microscopically. The subchondral endplate of each vertebral body was prepared with a high-speed drill and curette while the bony endplate was preserved as much as possible to prevent implant subsidence. After complete decompression and preparation of the endplate, the disc space was distracted, and a trial implant of appropriate size was inserted under image control. Then appropriate zero-profile anchored cage with screws or stand-alone peek cage (DePuySynthes, Paoli, CA, USA) filled with composite synthetic bone graft (β-tricalciumphosphate) (DePuySynthes, Paoli, CA, USA) was implanted into intervertebral space. Lateral and antero-posterior fluoroscopic images were performed, and the correct position of the implant was adjusted. In zero-profile anchored cage with screws group, the locking screws were inserted using torque limitation after preparing the pilot hole oriented through the aiming device with the help of fluoroscopic images. Hemostasis is rechecked, and then closure of the wound was performed. All patients were asked to wear a hard-cervical collar postoperatively for two weeks followed by soft neck collar for another two weeks.
Radiographic and Clinical Evaluation:
All patients were routinely examined with preoperative cervical spine MRI and cervical spine plain X-ray images including; an antero-posterior and lateral views. Additionally, all patients were followed with cervical spine plain X-ray images including; an antero-posterior and lateral views at the outpatient clinic. The follow up were done immediately post-operative and at 24 months (last follow up). We measured the Cobb angle of segmental area (Cobb-s) and Cobb angle of global cervical spine (Cobb-c) in the cervical spine plain X-ray lateral view to evaluate the aggravation of kyphosis. Cobb-c indicates the angle (°) between the lower endplate of C2 and C7 vertebral bodies, and Cobb-s indicates the angle (°) between upper endplate of cranial vertebral body and the lower endplate of caudal vertebral body of operated levels. Bony fusion was evaluated through X-ray lateral view and confirmed by 1) less than 10-degree movement on lateral flexion/extension views, 2) presence of bridging trabecular bone between the endplates on anteroposterior and lateral views, 3) less than 50% radiolucency in the perimeter surrounding the cage, and 4) no evidence of pull out of the device. Also, we compared pre-and post-operative vertebral height (VH) in the plain X-ray images to evaluate the degree of subsidence to estimate the spinal alignment state indirectly. VH indicates the length (mm) between the midline of upper endplate of cranial vertebral body and the lower endplate of caudal vertebral body of operated level ( Figure 1 ).
Clinical outcomes were evaluated with the neck disability index (NDI), Nurick score and Visual Analogue Scale of the patients' neck pain (VAS neck) and arms (VAS arm). These indices were checked pre-operatively, postoperative and at 24 months. The operation time, blood loss and hospital stay were also checked.
Cost Effectiveness:
The cost analysis was based on operating time, hospital stay, and prosthesis cost. We relied on the cost data, in Egyptian pounds (EGP), used in the Egyptian Ministry of Health Hospitals. The inpatient and outpatient medical treatment and physical therapy costs were excluded as all the patients received similar treatments. Because none of our patients needed reoperation during the follow-up period, any possible hardware complication was not assigned to the cost.
Statistical Analysis:
Statistical analysis was performed using the Student t test, Mann-Whitney test and Pearson 
RESULTS
The study included two groups of patients; the stand-alone peek cage (Group A) that included 30 consecutive patients with a mean age of 47.83±9.85 years, and the zero-profile anchored cage with screws (Group B) that included 30 consecutive patients with a mean age of 46.40±8.86. Group A included 16 females and 14 males, whereas Group B included 13 females and 17 males ( Table 1 ). All reported patients complete the follow up period of 24 months.
There was no statistically significant difference between the two groups concerning age, gender, VAS for neck, VAS for arm, neck disability index and Nurick score before surgery (all, P>0.05).
The standalone peek cage (Group A) had a mean intraoperative blood loss of 77.50±57.62 ml, a mean operative time of 148.67±22.05 minutes and mean hospital stay duration of 3.03±0.93 days. The zero-profile anchored cage with screws (Group B) had mean intraoperative blood loss of 72.83±53.04 ml, a mean operative time of 157.67±22.69 minutes and mean hospital stay duration of 2.97±0.81 days. Regarding the cost analysis, in Group A; the average total cost incurred was 3720±325 EGP, while in Group B, the average total cost was 5480±360 EGP (Table  2 ). There was no significant difference regarding the intraoperative blood loss, the operative time and the hospital stay duration between the two patients groups.
The neck disability index and the Nurick score together with both VAS for neck and arm pain were significantly improved after surgery with no statistical difference comparing the two groups as shown in (Table 3) .
Radiological Outcome:
Regarding bony fusion, both groups showed satisfactory results in radiological assessment according to our criteria mentioned before. Only two patients showed mild pseudarthrosis in the stand-alone peek cage (Group A), which did not affect final clinical outcome.
In the stand-alone peek cage (Group A), the immediate postoperative VH was significantly increased compared with preoperative time and then markedly decreased in the last follow up time compared to the immediate post but still slightly higher than the preoperative height (P=0.000, P=0.00 and P=0.222), respectively.
On the other hand, the zero-profile anchored cage with screws (Group B) showed an immediate postoperative significant increase in VH compared with preoperative condition followed by a slight decrease in the last follow up time compared to the immediate postoperative. The comparison between the last postoperative follow up vertebral height and the preoperative one was increased showed highly significant differences. (P=0.000, P=0.915 and P=0.000), respectively.
Comparing between the final VH values in both groups, there was a statistically highly significant difference. The mean VH in Group B was decreased but to a limit that is much less than in Group A (61.60, 56.92 respectively). This means that the decrease in vertebral height and cage subsidence was more in the stand-alone peek cage (Group A) than in the zero-profile anchored cage with screws (Group B) (Figure 2) (Table 4) .
In Group A patients, Cobb-c, and Cobb-s angles were significantly increased in the immediate postoperative compared to the preoperative measures, and then markedly decreased at the time of the last follow up compared to the preoperative results (Cobb-c, P=0.00, P=0.869) and (Cobb-s, P=0.00, P=0.915) ( Table 4) .
In Group B patients on the other hand, Cobb-c, and Cobb-s angles were significantly increased in the immediate postoperative compared to the preoperative measures, and then slightly decreased at the time of the last follow up compared to the preoperative results (Cobb-c, P=0.00, P=0.00) and (Cobb-s, P=0.00, P=0.00) ( Table 4 ).
The Cobb-c scores at the immediate postoperative time point were 17.92±2.07 degrees for the standalone peek cage (Group A) and 18.09±2.26 degrees for the zero-profile anchored cage with screws (Group B) (P=0.771). Both groups showed loss of lordosis in the last follow up that was to a lesser extent in Group B patients. There was a highly statistically significant difference between the two groups regarding the terminal Cobb-c scores (P=0.00) ( Table 4 ).
The Cobb-s immediately after the surgery was 3.49±0.73 degrees for the stand-alone peek cage (Group A) and 3.19±0.72 degrees for the standalone peek cage (Group A) (P=0.114). These values worsened gradually and the last follow up values were 2.79±0.86 degrees and 1.73±1.39 degrees respectively (P=0.013). The difference in the changes in Cobb-s angle values between pre and early postoperative images was non-significant in the two groups, whereas there was a significant difference between the last follow up images and the preoperative ones in both groups (Table 4) .
Postoperative Complications:
There were no reported patients of wound infection, esophageal perforation or instrumentation failure. One patient had a recurrent laryngeal nerve injury and two patients had pseudarthrosis in the standalone peek cage group (Group A). One patient had a collection of cerebrospinal fluid which was treated with aspiration and a lumbar drain in the stand-alone peek cage group (Group A). 
DISCUSSION
Degenerative cervical disc disease is most commonly treated by anterior cervical discectomy and interbody fusion (ACDF), which is considered as the gold standard for the surgical management at present. Although the cervical total disc arthroplasty is a possible option, 16, 21, 30 still its inclusion criteria are somewhat limited. 3 Cervical standalone peek cage gained the popularity due to its superior biomechanical properties and a similar elastic coefficient to human bone, which enriches the fusion rate. Cage extrusion was relatively reported together with subsidence, that's why still anterior cervical plating using various interbody grafts is being used to enhance stabilization property and increase fusion rate. 1, 10, 15, 19, 34 However anterior cervical plating still carries some risks like chronic dysphagia and donor site bone graft complications. 5, 27, 28 Zeroprofile anchored cage with screws was introduced to decrease the incidence of plate complications including the dysphagia and maintain the fixation needed for the fusion to occur. 8, 9, 22, 23, 31 In this study, there was no significant difference between the two surgical groups regarding the postoperative bony fusion. Evaluation of occurrence of cage subsidence by measuring serial vertebral heights of the fused levels revealed that it's more evident in standalone cage group than in anchored spacers group, giving the later a privilege regarding the biomechanical alignment. On measuring the Cobb-s for the segmental fused levels and the Cobb-c for the overall lordotic angle, both of them increased in the immediate postoperative images of both groups indicating an early improvement in the lordotic posture postoperatively. Later, in the last follow up both angles showed a decrease in both groups but the decrease in the angle was to a lesser extent in the zero-profile anchored cage with screws (Group B) compared to that in the stand-alone cage (Group A) with a statistically significant difference.
In a study conducted by Shin JS et al, 24 they measured the vertebral heights in their study and named it interbody height (IBH), comparing the zero-profile anchored cage with screws and standalone peek cage for single level, they found that IBH showed a significantly decreased value in patients with (stand-alone PEEK cage group) more than that in (zero-profile anchored cage with screws group) from the immediate postoperative to the last follow-up time and from the preoperative to the last follow-up time (P=0.025, P=0.000), respectively. Their results were congruent with our results indicating that zero-profile anchored cage with screws has a lesser subsidence rate compared to the stand-alone peek cage in two years follow up. In another study by Cho HJ et al, 7 they reported that the subsidence of the standalone peek cage patients' group was higher than that of zero-profile anchored cage with screws patients' group in a single level ACDF. Although these results were not directly related to the clinical outcomes, higher subsidence rate could worsen degenerative changes of the cervical spine, which might eventually affect cervical spondylotic symptoms.
In our study, both Cobb-s and Cobb-c angles showed significant increase in the immediate postoperative follow up in both groups, while in last follow up imaging the zero-profile anchored cage with screws showed less decrease in the angles than the stand-alone peek cage group. These results mean that the cervical lordosis is better maintained in the zero-profile anchored cage with screws than that in the stand-alone peek cage.
Cho HJ et al, 7 compared the Cobb angles of the whole cervical spine (Cobb-c) and the segmental area (Cobb-s) between the stand-alone cage group and the zero-profile anchored cage with screws group. The initial change in Cobb-c angle was not significantly different. The immediately postoperative Cobb-c angle was improved in both groups, showing no significant difference between the two groups. The lordotic curve of both groups was improved temporarily, but it worsened as time passed. At the 24 months post-operative follow up imaging the Cobb-c angle of the peek cage group was even worse than that of the pre-operative one, while the zero-profile anchored cage with screws group maintained a somewhat improved value compared to the pre-operative Cobb-c angle value. However, the changes in the two groups were not statistically significant. When they compared the tendency of the Cobb-s between the two groups, it showed similar results to the Cobb-c, lordosis was improved temporarily and then gradually worsened. The difference between the 24 months post-operative and the immediately post-operative time points were significant, representing that the zero-profile anchored cage with screws group displayed significantly less aggravation of the segmental Cobb-s angle than the peek cage group. 7 In some long-term studies, degenerative changes of adjacent levels were observed in 77% of the patients with kyphosis. 12, 13 Taking this into consideration, the restoration of the lordotic angle may be beneficial to prevent the aggravation of degenerative changes. In this aspect, zeroprofile anchored cage with screws seems to better maintain the normal curvature of the cervical spine than the stand-alone peek cage.
Although this study revealed higher average cost in the zero profile anchored cages than the stand-alone PEEK cage, there was no statistically significant difference between both groups if we exclude the cost of the implants. In our opinion, cost-effectiveness analysis is not a tool to determine the "best" treatment for any particular disease or pathologic entity. It is an analytical technique of combining many variables in a single model that does not allow systematic testing of the effect of each variable on the outcome. In the two groups, fusion factors, short-term risks, costs and hardware complications, outcome, and long-term reoperation rates must be considered in trying to determine the relative cost-effectiveness of the alternative procedures.
Study Limitations:
There are limitations in the current study that should be considered as small sample size, retrospective nature of the study and lack of randomization increasing the probability of selection bias. All these factors hinder development of general conclusion of superiority of anchored cages versus stand-alone PEEK cage in maintaining lordosis and sagittal balance. Also, the follow up period (24 months) is insufficient to provide the clinical impact of maintaining lordosis and sagittal balance with anchored cages justifying the relatively higher cost of using it versus stand -alone PEEK cages and hence more studies with longer follow up period are needed to generalize a conclusion as regard favoring its use. Moreover, long term follow up studies will allow clarifying the effect of improving the overall sagittal balance, prevention of adjacent level and hence reducing the cost of reoperation.
CONCLUSION
The zero-profile anchored cage with screws compared to stand-alone peek cage was effective treatment for cervical disc disorders in two levels cervical discectomy and fusion and their results showed better result regarding the incidence of cage subsidence and maintaining cervical lordosis. Large case serious and different modality of fusions should be compared with long follow up period to realize the difference between the two groups and other fusion modalities including the plate with bone graft or the plate with cage.
